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(54) CnOCOB HEMHBA3MBHOrO OnPEflE/lEHMfl KOHI4EHTPAI4MM rillOK03bl 



(57) PecJrepaT: 

H3o6peTeHwe othocmtca k o6nacTM 

MeAMl^MHbl, a MMeHHO K HeMHBa3MBHOMy 
MOHMTOpHHry KOHL^G HT pai^H M r/1K>K03bl B KpOBH 

MenoBeKa. OnpeAermtoT KOHi^empaLinK) rnK>K03bi 

B KpOBM C nOMOl^bK) M3MepMTeJ1bHOrO 

ycTpOMCTBa, npw stom npoBOflflT HenpepbiBHbift 

MOHMTOpMHr KOHL\eHTpaL\HM miOK03bl B KpOBM 

nyieM M3MepeHM« b o6nacm noBepxHOCTHbix 
BeH ronoBw Tennosbix noTOKOB AaTMMKOM 
M3MepMTe/ibHoro ycTpoficTBa, a KOHi^eHTpat^MK) 
rnioK03bJ (Xg*) onpeA6JWK)T no 4x>pMyne 
X g '=Xi*+X 2 \ r A e X n *= W Tn (s)X T * l 
X 2 *=K n W Tn (s)Xn*. rfle Xj* - 6e3pa3MepHoe 
OTKnoHeHMe TeMnepaTypu ot ycrraHOBMBiJuerocH 
3HaMeHM«, X n* - 6e3pa3MepHoe otkjiohghmb 
TennoBoro noTOKa ot ycTaHOBMBiuerocfl 



3HaMeHM«, W Tn (s)=1/(T Tn s+1) - nepeAaTOHHaa 
<£yHKi_iMfl KOHL(eHTpai4MM rnK)K03bi b kdobm no 
TeMnepaType m TennoBowiy noTOKy, Tyn - 
SKcnepMMGHTanbHO onpeflenaeMafl nocroflHHa* 
BpeMeHM nepexoAHoro npoijecca, Kn 
oKcnepn MeHTaxibHO onpeAenneMbifl 
6e3pa3MepHbiM KoatfxtJMijMeHT, s=o7dt - onepaTop 
AMC^JepeHMMpoBaHMfl. B KaMecTBe asthmkob 
TeMnepaiypw Mcnonb3ytoT Z - TepMMCTopbi, 
KOTOpwe npM>KMMa»0T k noBepXHocTM ronoBbi c 
noMoiAt>io ynpyroro aneMeHia m M3onMpyk>T ot 
BHeaiHeM cdoaw TennoBoft M3onanMeM, a 
CMmanMsaqMK) o KOHLieHTpaLjMM rn»OK03bi 
ocymecTB/i«K)T c noMoinbK) TOHanbHoro CMma/ia 
m AMcn'nefl.- Cnoco6 o6ecneHMBaeT noBbiiueHMe 
tomhoctm onpeAeneHM9 koh LjeHTpa 14M m rnK>K03bi 
b KpOBM. Kposie Toro, oh npocr b McnonweHMM. 
2 a.n. (JwibJ, 2 mji., 2 Ta6n. 
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(54) METHOD FOR DETERMINING GLUCOSE CONCENTRATION IN NONINVASIVE WAY 



(57) Abstract: 

FIELD: medicine. SUBSTANCE: method 
involves determining blood glucose 
concentration by means of measuring 
instrument. Continuous blood glucose 
concentration monitoring is earned out by 
measuring heat flows in the area of head 
superficial veins by means of measuring 

instrument transducer. Glucose concentration 

((Xs)) is calculated from a formula = XT+XI, 

where X? = W^Xf, xi = K hf W Th( (s)XF?„ 

where Xf - the dimensionless temperature 

from steady state value, Xw - the 
dimensionless heat flow deviation from 



steady state value, W Th f(s) = 1/(T Th , x S+1) is 
the transition function of blood glucose 
concentration with respect to temperature 
and heat flow, T Th f is the experimentally 
stated transient process time constant K hf is 
the experimentally stated dimensionless 
coefficient, s = d/dt is the differentiation 
operator. Z- thermistors are used as 
temperature pickups pressed against head 
surface by means of elastic member and 
insulated from ambient space by means of 
heat insulation members. Glucose 
concentration information is represented by 
means of tonal signal and display unit. 
EFFECT: enhanced accuracy of measurements 3 
ci,2dwg,2tbl 
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H3o6peTemie othocmtch k o6nacTM 
MeAMMUHbt, a mmohho k Hen h Ba 3m b ho My 

MOHMTOpMHH/ KOHUeHTpai4MM miOK03bl B KDOBM. 

B HacTonu^ee BpeMfl c Ljenwo fluarHocrviKM 
caxapHoro A^aoeTa onpeAennioT KOHijempaqMio 
rnioK03w b kdobm MejioBera nv\6o nyTeM 
npoBefleHMfl 6noxMMMMecKoro aHaxiM3a 
HeKOToporo KonnMecTBa BSflToi* y nai^MeHia 
kpobm b ycnoBunx icnMHMHecKOM naoopaTopMM, 
nw6o c noMoi^wo npn6opa rntoKOMeTpa, 
CHa6»eHHoro nyBCTBMTenbHOM k rn»OK03e kdobm 
TecT-nonocKOM c noMemeHHort Ha hom Kannefl 
kpobm nai^MeHra (MHBasMBHbifi mbtoa) (Jl.r. 
Ma30Bei4KMM, B.K. BenwxoB. CaxapHbiii AMaoVr, 
M.: MeflML^MHa, 1987). Ha ocHosaHHU 
peoynbTaTOB onpefleneHMfl KOHLjeHTpaLiMM 

r/110K03bl B KpOBM ynOMflHyTbIM MeTOflOM 

flnamocTnpyK)T caxapHbifi Avia6eT. 

3TOT MeTOA OCHOBaH Ha Heo6*XOAMMOCTM 

3a6opa kpobm y naijMeHra. 

M3BecreH cnoco6 an* HeMHBa3MBHoro 
onpeAeneHMfl rnK>K03bi b MacTax MenoBeMecKOK) 
Te/ia (naTeHT CUUA 5.795.305 ot 18.08.98 US 
Class 60/549; 600/316). Cnoco6 OCHOBaH Ha 
onpeABJieHMM c noMombio M3MepMTenbHoro 
ycTpovicTBa TeMnepaTypbi n TennoM3/iyMeHHfl 
He/iOBeMecKoro Tena (na nosepxHOCTn w b 
nonocTHX Tena) m HanMMMM KoppenflijMM Me?KAy 
KOHijeHrpaijMefi rn»0K03bi b kdobh m 
TeiwinepaTypoM Tena. CooTBeTCTByioLiyiii 
anropMTM nc»BOJiseT . npeo6pa30BaTb AaHHbie, 
nonyneHHbie npw M3MepeHnn TeMnepaTypbi, b 

3HaMeHMfl KOHl^eHTpai^MH miOK03bl B MaCTHX 

He/ioBeMecKoro Tena m b kpobm. 

HeAOCTaTKOM 3Toro cnocooa nB/ineTcn 
HeAOCTOBepHocTb onpeAeneHww TeKymeM 

KOHqeHTpai^MM mK5K03bl B KpOBM MenoBeKa. B 

nepByio onepeAb, 3to CB«3ano c 
Mcnonb30BaHMeM 4>eHOMeHonorwHecKM He 
ooocHOBaHHoro anropMTMa cba3m AMHaMMMeooix 
napaivieTpoB MSMepeHMR - TeMnepaTypbi, 
TennoM3nyMeHMR m KOHi^eHTpaijMM riuoK03bi, 
ocHOBaHHoro Ha ycTanosneHMM KoppenauMOHHbix 
3a b n cm MocTeft nepeMeHHbix Ha 6a3e nwHetfHoro 
perpeccMOHHoro aHa/iM3a. 3tot anropMTM He 
onMpaeTC« Ha MaTeMaTwsecKyK) MOAenb 
yrneBOAHoro ooMeHa, He yMMTbiBaeT BnMHHMfl 

MHAMBMAyanbHbDC (fcaKTOpOB Ha M3MeHeHMH 

TeMnepaTypbi. AnropMTM cB«3biBaeT Tonbico 
TeKymyra KOHi^eHTpai^Mio rn»0K03bi a kdobm c 
TeKymeii TeMnepaTypoM* m He no3BonaeT 
ocymecTBnaTb ynpoKAaiotnyio CMmanM3ai4M»o 06 
onacHbix KOHqeHTpai4M«x rnioKosbi b kdobm. 
KpoMe Toro, b yna3aHHOM cnocooe m anropMTMe 
BbiMMcneHMM He M3MepneTca m He Mcnonb3yeTCfl 
KOHAyKTMBHbiM fiotok Tenna ot Tena MenoBena. 
HaMobnee 6nM3KMM ananoroM (npoTOTMnoM) 

ABnfleTCH CnOCOO* HeMHBa3MBHOrO M3MepeHMH 
KOHL^eHTpai^MM m»0K03bl B KDOBM, 

npeAycMaTpMBaK)U4MM oonyMeHMe KpoBeHocHbix 
cocyAOB KonnMMMpoBaHHbiM M3nyMeHMeM 
nonynpoBOAHMKOBoro na3epa, b kotodom 
pemcTpMpyioT nornoLqeHHoe, pacceHHHoe m 

AM(t4)y3MOHHO OTpa^eHHOe KDOBbK) M3nyMeHMe 
M3MepMTenbHb!M yCTDOMCTBOM, BKnWMatOLL^MM 

6noK MHTerpaqMM, AQTeicrop, noAKniOMeHHbiM* k 
aHanoro-UMct)poBOMy npeo6pa30BaTenio, 
AMcnneM m AP- (RU 2122208 C1, ten. G 01 N 
33/49, A 61 B 5/00, n.20.1 1.98). 

H3BecTHbiM cnoco6-npoTOTMn no3sonneT 
ocymecTBriHTb HeMHBa3MBHoe M3MepeHMe 

KOH L\e HTpaLJH M miOK03bl B KDOBM, MTO HBnfleTCH 
HeCOMHeHHbIM AOCTOMHCTBOM, HO MM66T p^A 

HeAocTaTKOB: 

1) OTnMHaeTCfl CnO>KHOCTbK) KOHCTpy KL^MM 



Mcnonb3yeMoro ycrpoMCTBa m cno>tcHocTbK) era 
npMMeHeHMn; 

2) He no3BonaeT Aocrvmb )KenaeMoft 

TOMHOCTM npM M3MepeHMM KOHL^eHTpaL^MM 

rnt0K03bi b kpobm; 
5 3) He noaBonweT ocyLnecTBnnTb 

ynpe>KAa»OL4yK) cMmanMsai^MK) 06 onacHbix 
HapyuieHMHX yrneBOAHoro o6MeHa - noporo8bix 

nOBbtUjeHMM MnM nOHMJKeHMM KOHLteHTDai^MM 

rnK>K03bJ b kdobm; 
1Q 4) He no3BonaeT ocyunecrBnHTb 

HenpepblBHblfl MOHMTOpMHr KOHL^eHTpaL^MM 
r/lK)K03bJ B KDOBM. 

3aAaneM npeAnaraeMoro M3o6peTeHM5t 
«Bn«eTc« cosAaHMe HBMHBa3MBHoro cnocooa 
onpeAeneHMfl KOHi^eHTpai^MM rnioK03bi b kdobm, 

15 KOTOpblM n03BOnfleT nOBWCMTb TOHHOCTb 

onpeAeneHMH, ocymecTBnnTb HenpepbiBHbiM 

MOHMTOpMHr KOHL(eHTpaL(MM mK>K03bl B KDOBM, 

ocyiAecTBnwTb ynpe^aiomyio CMmanM3ai^Mio 06 
onacHbix HapyiueHM«x yrneBOAHoro o6MeHa - 
noporoBboc noBbiiueHMM MnM -noHMweHMM 

20 KOHl^eHTpai^MM mK5K03bl B KDOBM, M 6yA6T 
OTnMMaTbCfl npOCTOTOtf M HaAeXHOCTbK). 

PeiueHMe nocTaBneHHo^ 3aAaMM AocTMraeTcq 
npeAnaraeMWM cnocoooM HeMHBa3MBHoro 
onpeAeneHMfl KonneHTpai4MM rntOK03bi b kdobm, 
BicnjosaioiAMM Mcnonb30BaHMe M3MepMTenbHoro 
yCTpOMCTBa, B kotodom npoBOA«T HenpepwBHbiM 

MOHMTOpMHr KOHl^eHTpai^MM mK3K03bl B KDOBM 

nyTeM M3MepeHMfl b o6nacrrM nosepxHOCTHboc 
BeH ronoBbi TeMnepaTypbi Tena m KOHAyKTMBHbix 
TennoBbix noTOKOB c noMOi^bio AaTMMKOB 
2Q M3MepMTenbHoro ycTDOMCTBa, a KOHHeHTpaqMio 
m»0K03bi (X*g) onpeAenniOT no c}x)pMyne: 

X*g=X*-|+X*2, 

r A e X* 1 =W T n(s)X* T , XVKnW T n(s)X*ri. 

tab X* T - 6e3pa3MepHoe OTKnoHeHMe 
TewnepaTypu ot ycTaHOBMBiuerocfl SHaneHMH, 
35 X*n - 6e3pa3MepHoe OTKnoHeHMe TennbBoro 
noTOKa ot ycraHOBMBLuerocfl sHaMeHMn, 

WTnCs) 3 ^^^*^ - nepeAaTOHHaw 4>yHKijMfl 
KOH4eHTpaLiMM rnK5K03bi b kdobm no TeMnepaType 
m TennoBOMy noTOKy, 
40 Kn - 3KcnepMMeHTanbHo onpeAenaeMbifi 
6e3pa3MepHbiM KoacJxJWLiMeHT, 

s=d/dt - onepaTop Anc|x|)epeHL^MpoBaHMn, 

Tm - 3KcnepMMeHTanbHo onpeAenfieMafl 
nocTOHHHan BpeMeHM nepexoAHoro npouecca. 

B KanecTBe asthmkob TeMnepaTypbi 

45 MCnonb3yfOT Z-TepMMCTOpbl, KOTOpbie (})MKCMpyiOT 

Ha noBepxHocTM ronoBbi c noMombio ynpyroro 
sneMeHTa m M3onMpyK>T ot BHeuiHeM cpeAW 
TennoBOM M3on«i^Meft. 

CMrHanM3aL4MK> p KOHi^eHTpai4M m rnioK03bi 
ocymecTBnnioT c noMoiAbfo TonanbHoro curnana 
MAMcnnen. 

Pipe Ana raeMbiM cnoco6 6bin pa3pa6oTaH Ha 
ochobo TeopeTMnecKMX m sKcnepMMeHranbHbix 
MccneAOBaHMM npoi^ecca 6MOXMMMHecKoro 
npeBpaiAeHMfl rn>0K03bi b kdobm MenoBexa c 

55 noMOi^bio M3MepeHMM TeMnepaTypbi m TennoBbix 
noTOKOB B6nM3M ronoBHoro M03ra b o6nacni 
nosepxHOCTHboc BeH ronoBbi, to ecTb b o6nacTHX 
M3KCM ManbHO npM6nMxceHHbix K 

SHepreTvmecKOMy MCTOMHMKy MHreHCMBHoro 
OMOXMMMHectcoro npeBpau^eHMR rnK)K03bi - 

60 ronoBHOMy M03ry. B ocnoBy 3tmx m ccneAOB a hm m 
6binM nonoweHbi M3BecTHbie 

4>eHOMeHonorMMecKMe npeACTaBneHMn 06 
onpeAermrou^eM ponM i^eHTpanbHOM HepBHOM 
CMcreMu b ooecneMMBaiomeM Heo6xoAMMwft 
ypoBeHb aKTMBHOCTM o6MeHHbix npoLieccoB 
ynpaBneHMM MeTa6bnM3MOM icneTOMHbix 



o&beMOB BHyTpeHHMX opraHOB Tena 
nocpeflCTBOM pery/inpoBaHna MHTeHCMBHocTM 
rnioK03Horo o6Mena m TeMnepaTypbi npoTeKaHMH 

6MOXMMMHeCKMX npeBpaiAeHMM mK3K03bl B 

opraHM3Me MenoBeKa m, b MacTHOdn, b ero 
rojioBHOM M03ry (r.YnbMep, O.BanbAeK, OTapT, 
r.TeBC. <5M3Monornn MenoBeKa. - M.: Mnp, 
1986, t.4, 312 a). Cb«3M stmx npoi^eccoB 

MOWHO npeflCTaBMTb B BMflB 4)yHKUMOHanbHOM 

cxeMbi (cm. ct>wr.1). ripn 3tom npeAnonaranocb, 
mto 3aflaHHoe LjeHTpanbHOM HepBHofi CMcrreMofi 

3HaMeHMG KOHL)6HTpaL^MH rniOK03bJ B KpOBM 

ycTaHaBnMBaeTcw no oKOHMaHUM cBOMCTBeHHoro 
6ojibuiHHCTBy AHHaMMHecKnx xapaicrepucTHK 
opraHM3Ma nenoBBKa anepMOAMMecxoro 
nepexoAHoro npoi^ecca . (KXHAhtomohob, 
C. M. KeqbopeHKo, M. A. M wcyjibCKaa, 

H.K.riapoKOHHan. MaTeMaTMMecKas Teopun 
cticTGMbi caxapa kpobm. - Khqb: HayKOBa flyMKa, 
1971, m. 2, 3neMeHTbi TeopMM, c. 15-26. ). 
npM npoBefleHMM MccneflOBaHUM npwweHeHa 
KOMnbioTepHan o6pa6oTKa nonyMaeMbix 
SKcnepMMeHTanbHbix flaHHbix Ana HaxoKfleHM* 

B3BMMOCBH3M T3KMX napaMeTpOB npot^ecca, K3K 

3HaM9HMfl TeMnepaTypbi, TennoBoro noTOKa, mx 
npOM3BQftHblX m BpeMeHHoro CMeiHeHMfl 
AHHaMMMecKvix 3HaMeHMM TeMnepaTypbi m 
KOHi^eHTpai^iM mioK03bi b KpoBM npM 
nepexoAHbix npoLieccax. 

npMHLjMnna^bHbiM pe3ynbTaTOM 
npoBefleHHbix MccneAOBaHMfi, HBnaeTCfl 
o6Hapy)KeHMe <J)yHKL|KOHanbHO$t cbjwm 
KOHi^eHTpai4nn rnioK03bi b kpobm G c 
TeMnepaTypoii T, TennoBbiM noTOKOM F npw 
BbipaweHHOM npoflBneHMM npuHi^wna 
ynpewAaiomero ynpaBneHMH, pe3ynbTaT0M 
KOToporo «B/iHeTC« onepeaoioinee M3MeHeHtie 
TepMMHecKnx napaMeTpoB npw 

COOTBeTCTByiOLHeM M3MeHeHMM yDOBHfl 
KOHl^eHTpai4MM miOKOSbl B KpOBMI 

G(t) = T(T(t-r),F(t-x)), 

rfle T - BpeMR onepeweHMR Ha ochob6 
3KcnepMMeHTajibHoro o6cneflOBaHn« nai^MeHTOB 
ycTaHOBneHO, mto BenMMMHa x cocTaBnaeT 
nopflAKa 10-30 MMHyT m sto 03HaM"aeT, mto 
npeAnaraeMbivi cnoco6 no3BonneT c BpeMeHHbiM 
onepeweHweM 10-30 MUHyT npom03MpoBaTb 

H3M6HeHHe KOHL^eHTDai^MM mK)K03bl B KPOBM M 

cwmanwsnpoBaTb o npn6nn)KeHMM onacHbix 

COCTOflHMfl mK)K03HOrO o6M6Ha. 

Bbino ycTaHOBneHO, mto M3MepeHMe 
TepMMMecKMx napaMeTpOB b o6nactn rbnoBHoro 
M03ra (b o6nacTM nosepxHocTHbix bbh ronoBbi) b 
OTJiMMMe ot M3MepeHHM b Apymx MaCTflX 
MenoBeMecKoro Tena AaeT 6onee AocTOBepHyio 

HHCjXSpMai^MK), T3K K3K npM 3TOM yCTpaHHeTCH 

AononHMTenbHoe BnnflHwe Ha pe3ynbTaTbi 
M3MepeHMfi cnoMCHbix 6noxMMMMeciaix npoi^eccoB 
npeo6pa30BaHnvi 6enKOB v\ wupoB. 

B pe3ynbTaTe npMMeHeHMH cnoco6a 6wno 
o6HapyweHO smnnne Ha M3MepneMbie 
TepMMMecioie napaMeTpbi HeKOTopbix 
MHAMBMAyanbHbK qbaKTopoB (o6iamm TOHyc 
opraHM3Ma nauMeHTa, ncnxonorMMecKoe n 
cf)M3MMecKbe HanpswceHne, Hanpfl>KeHHbi^ 
MbicnMTenbHbift npoi^ecc, HanpaweHHOCTb 
cnyxoBbtx m 3pnTe/ibHbix ueHTpos npM 

MHTeHCMBHOM BOCnpMWTMM MHqbopMaLiMM M T.n ). 

Ann yMeTa noAooHbix qbaiaopoB npw BbwucneHMM 
KOHqeHTpauMM rnK)K03bi kpobm npoBOAnnacb 
npeABapMTenbHafl nepcoHanbHan Kann6poBKa 
ycTpowcTBa Ann koh KpeTHoro na^ieHTa c uenbK) 
ycTaHOBneHMq cooTBeTCTByiou4Mx nocro«HHbix 
anropMTMa, yMMTbiBaioinMX MHAMBMAyanbHoe 
BniiflHMe yKa3aHHbix qba jaopoB Ha pe3ynbTaTb* 



onpeAeneHMfl KOHi^eHTpauuM rnioK03bi b kpobm. 

flna AocTOBepHoro npeo6pa30BaHnn 
MSMepeHHbix BenMHMH TeMnepaTypbi m Tennoeoro 
noTOKa b 3HaMeHMfl KOHqeHTpaqnn rnioKosw 
kpobm MenoBeKa pa3pa6oTaH qbyHKLjMOHanbHbiM 
anropMTM G= ^(T, F, W,), nocTpoeHHbifi Ha 

0CH0B6 (f>yHKl4MOHanbHblX CBWefl, 

onpeAenneMbix b pe3ynbTaTe peiueHMfl cvtcTeMbi 
AMc<xt)epeHi4ManbHbix ypaBHeHni^, onwcbiBaioiUMX 
AMHaMnxy paccMaTpuBaeMoro npoi^ecca c 
10 yMeTOM MHAUBMAyanbHbix qbaKTopoB (Wj), 
BnnHHue KOTopbix onpeAenwiOT Ha ochobb 
nepcoHanbHofi Ka^n6poBKvi cucTeMw n3MepeHMfl 
An« KOHxpeTHoro nauweHTa c ncnonb30BaHneM 

MHBa3MBHblX M6T0A0B H npn6opOB, npOBOAHMOH 

c i^enbio bnpeAeneHMH saBMCHMocTen ot 
15 BpeMeHu TeMnepaTypbi, TennoBoro noTOKa n 

KOHL^eHTPai^MM miOKOSW B KPOBM, Heo6xOAMMblX 

Ann nocrrpoeHMfl c^yHKi^MOHanbHoro anropMTMa. 

CMCTeMa AMqbqbepeHLjManbHbix ypaBHeHMM 
AMHaMMKM npoi^eccoB M3M6HeHM« TeMnepaTypbi, 
TennoBoro noTOKa m KOHLjeHTpa 14M m rnioK03bi 
kpobm b o6meM bmab MO)KeT 6biTb npeACTaBneHa 

K3K 

X*g-X*1+X*2, 

rAeX* 1 =W Tn (s)X* Tl 
X* 2 =KnW T n(s)X*n, 
25 X* g = AXg/Xgo - 6e3pa3MepHoe OTKnoHeHkie 
KOHueHTpat^MM rniOK03bi b kpobm ot 
ycTaHOBMBUieroca 3HaMeHMfi, 

X* T = aXt^Xto * 6e3pa3MepHoe OTKnoneHne 
TeMnepaTypbi ot ycTaHOBMBiuerocfl 3HaneHMfl, 
30 x *n= AXn/Xpo - 6e3pa3MepHoe OTKnoHeHkie 
TennoBoro noTOKa ot ycTaHOBMBwerocfl 

3HaHeHMfl, 

Xgo. Xto. Xno - ycraHOBMBLUMecH 3HaMeHM« 

COOTBOTCTBeHHO KOHL{eHTpaL4MM rn»OK03bl KPOBM, 

TeMnepaTypbi m TennoBoro noTOKa Tena: 
35 AXg=Xg-Xgo, AXT=Xf-X T0 , AXrrXrrXno. 

Xg, X T , Xn - TeKymMe 3HaMeHMn 
KOHi^eHTpaLiMM rnK)K03bi b kpobm, TeMnepaTypbi M 
TennoBoro noTOKa, 

w Tn(s)=1/(Trns+1) - nepeAaTOMHan qbyHKi^MR 
40 KOHqeHTpai^MM rnK)K03bi b kpobm no TeMnepaType 
m TennoBOMy noTOKy, 

Kn - sKcnepMMeHTanbHO onpeAenneMbiM 
6e3pa3MepHbiM KoacJx^Mi^MeHT, 

s=d/dt - onepaTop AH04>epeHi4npoBaHHfl, 

T Tn - SKcnepMMeHTanbHO onpeAen«eMa« 
nocTOflHHan BpeMeHM nepexoAHoro npoqecca. , 

npeAno)KeHHbiM cnoco6 noATBep»AeH 
npMMepaMM. 

npMMep 1. npoBOAnnMCb M3MepeHM« 
TeMnepaTypbi m Tennosoro noTOKa HaA 
SQ noBepxHocTHoft bbhom ronoBbi v.jugularis 
externa m c Mcnonb30BaHMeM c^yHKLjMOHanbHoro 
anropMTMa BbiMMcnnnacb KOHi^eHTpai^Mw 
rnioK03bi b kpobm y 6onbHoro A. TlapannenbHo 

npOBOAMnMCb MSMepeHMfl KOHI^eHTpai^MM 

rni0K03bi KpOBM y 3Toro 6onbHoro A^aoeTOM 
55 MHsa3MBHbiM npMOopoM ONE TOUCH. B nanane 
ceaHca M3MepeHMM McnbrryeMbifi noo6eAan. 
Pe3ynbTaTbi M3MepeHMM m pacweTa npMBeAeHbi b 
Ta6nML^e 1. 

rionyneHHoe . BpeMH 
onepe>KeHMfl x paBHfuiocb 10 MMHyTaM. M3 
cpaBHeHMfl pe3ynbTaTOB n3MepeHHM 
KOHi^eHTpat^MM rnK>K03bi kpobm, onpeAeneHHbix 
npeAno>KeHHbiM cnoco6oM m MHBa3MBHbiM 
MeTCAOM, bmaho, mto ohm OTnMMaioTcn He 6onee 
MeM Ha 10%. 

npMMep 2. npOBOAMnMCb M3MepeHMH 

TeMnepaTypbi m TennoBoro noTOKa HaA 
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noeepXHocTHOM BeHoii ronoBbi v.jugularis 
externa m c Mcnonb30BaHMeM (J>yHKU>ioHanbHoro 
anropMTMa BbNHcnwiacb KOHL4eHTpau>ifl 
mK>KD3bi b KposM y naijneHTa B. He crpaAaiomero 
Ana6eTOM. ■ flapannenbHO npoBOflMnwcb 
H3MepeHM« KOHi^eHTpauMM rn»oK03bi KpoBM y 
3Toro namiema MHBa3MBHbiM npn6opoM ONE 
TOUCH. B Hanajie ceaHca M3MepeHMM 
ncnbiTyeMwR Bunun crraKaH cnaAKoro nan. 
Pe3ynbTaTbi M3MepeHMfi m pacneTa npMeeAeHbi b 
Ta6nMU,e 2. 

BpeM« onepeHceHMR x paBHRnocb 14 
MMHyTaM. H3 cpaBHeHM^ pe3yxibTaT0B 

M3MepeHMfi K0HL|9HTpai4MH mtOK03bl KpOBH, 

onpeAe/ieHHbtx npeAnorceHHbiM motqaom h 

V\ HB33M BHblM M6TQAOM, BMAHO, HTO OHM 

OT;iiwaK>TC& He 6onee MeM Ha 10%. 

rionyMeHHbie hsmm SKcnepuMeHTanbHbie 
AaHHbie . no3BonMnw npeAnowMTb cnoco6 
ynpewAaiomefi cnmanM3ai^nn 06 onacHboc 
coctohhmhx mK)K03Horo oSMeHa, 
npHHi^innanbHO OTnMHaioiuMMC* ot M3BecTHbix 
no noKann3ai4MM 30H M3MepeHnn m anropMTMy 
nepecMeTa M3MepeHHbix TeMnepaTypbi . m 
TennoBoro noTOKa b KOHi^eHTpaqwio rnioKosbi b 

KDOBM, nO KOHCTpyKl^MM yCTDOMCTBa M 

AOCTvtraeMOMy pe3ynbTaTy. 

Ha (Jjur. 2 npeAoraBneHa cxeMa ycTpotfcTBa 
Ana peann3ai^in npeAnaraeMoro cnocooa. 

YCTpOMCTBO COfl6p)KMT npVWMHHbfH 

HaronoBHMK 1 , A3tmmk TeMnepaTypbi m TennoBoro 
noTOKa 2 Ha ocHOBe anwa3Hbix TepMMCTopoB 
TA-1 c TennoBoW M3onflu,Mefi M3 snacTMMHoro 
MaTepnana neHononMypeTana Ha ynpyroM 
aneMeme 3, KOMnbiOTepHbifi MOAynb 4 
M3MepnTenbHoro yorpoMCTBa Ha 6a3e HoyT-6yica 
"CompacP c A^cnneeM 5 m yorpoM ctbom 
3ByKOBOM CMrHanM3ai^iM 6. 

ripywiHHbiii HaronoBHMK 1 4>MKcnpyeT astmmk 
2 HaA noBepXHOCTbK) BeHbi ronoBbi, HanpMMep 
v.jugularis externa, KOTopbiM npu>KMMaeTca m 
cfjHKcupyeTca c TOHHOCTbfo 0,5-2,5 mm ynpyn/iM 
sneMeHTOM 3. JTJaTHMK M3Mep«eT TeMnepaTypy h 
TennoBofl noTOK m nepeAaeT pe3ynbTaTbi 

M3MepeHMM B KOMnbfOTepHUM MOAynb 4, KOTOpbIM 

(fcopMMpyeT pesynbTaTbi H3MepeHMM KaK 
4>yHKi4MM BpeMeHH, pemcTpupyeT mx b naMHTM m 
npeo6pa3yeT mx b 3Ha4eHM* TeKymeM m 

np0m03MpyeM0ft KOHU,eHTpaiJMM m»0K03bl KpOBM, 

a TaioKe onpeAenaeT BpeMH onepeweHwa x, 
nocpeACTBOM Mcnonb30BaHMH cfryHKijMOHanbHoro 
anropMTMa m Ha . ocnoee pe3ynbTaT0B 
npeABapMTenbHOM Kanw6poBKM, oTpaaraeT 
AaHHbie na AMcnnee 5 m 4>opMMpyeT 3ByK0B0M 
ynpe>KAa(0U4MM TOHanbHbifi cMman 06 onacHbix 
cocTOflHMJK rnK5K03Horo o6MeHa c noMou;bK) 
MOAynq 3ByxoBOM CMrHanM3aiyiM 6. Tennosan 
M3onflu>w M3 anacTMMHoro MaTepMana 3amMmaer 

AaiMMK OT B03AeMCTBMH BHeUJHeM CpeAbl M 
yBenMMMBaeT TOHHOCTb M3MepeHMfl. yCTpOMCTBO 

Tpe6yeT nepMOAMHecKofi (1-2 pa 3a b HeAento) 

OqeHKM M npM Heo6XOAMMOCTM KOppeKTMpOBKM 

Kann6pOBKM nepconanbHO Ann KOHKpeTHoro 
nai^MeHTa, b pe3ynbTaTe Mero onpeAennioT 
3MnMpMHecxMe nonpaaoHHbie K034xfc>MU,MeHTbi, 

KOTOpWe BBQAflTCfl B KOMnbfOTepHblM MOAynb 4 M 

vtomhhjot HacTpoMKy ycrpoMCTBa ynpe>KAaKHAeM 
cMroajiM3aAMM na Tpe6yeMbie ypOBHM ee 
cpaoaTUBaHMfl, cooTBeTCTByKDU|ne, HanpMMep, 

3H3MeHMRM KOHL^eHTpai^MM rntOK03bt B KpOBM 4 

MMonb/n (hwwhmm" ypOBeHb) m 8 MMonb/n 
(BepxHHfi ypoBeHb). OqeHKy Kann6poBKM 
npoBOAfT nyreM M3MepeHMn KOHi^eHTpau^iM 
rni0K03bi b KpoBM nai4M8HTa KaKMM-nn6o 

M HBB3M BHblM miOKOMBTDOM Mepe3 BpeMJR OT 
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MOMeHTa cpa6aTbmaHMH CMrnanMsauviM, paBHoe 
onpeAeneHHOMy npM nepBOHananbHOM 
KanM6poBKe BpeMeHM ynpewAGHMH T , 
cb om cTBeHHOMy opraHM3My aToro nai^MeHTa, m 
cpaBHeHMn noKasaHHoro Ha Ancnnee ycrpoMCTBa 

3H3MeHMn KOHl^eHTpaLtMM m?OK03bl B KDOBM C 
nOK33aHMeM MHB33MBH0rO mK>KOM8Tpa. 

KoppeKTMpOBKy KajlM6pOBKM M HaCTDOMKM 

cwmanM3au>iM npoM3BOA«T b tom cnyMae, icorAa 
pasnMMMe noxasaHMM ycTpoMCTea m MHBasMBHoro 
rn»0K0MeTpa npeBbicMT AonycrMMyto BenMMMHy, 
HanpMMep 1 MMonb/n. 

B KaHecTBe M3MepMTenbHoro sneMeHra 
TeMnepaTypbi m TennoBoro noTOKa b ycTpoticTBe, 
peanMsyiou^eM npeAnaraeMbiM cnoco6, mokbt 

6bm» npMMeHBH Z-TepMMCTOp, KOTOpbIM B 

oTnMMMe ot NTC-TepMMCTopa o6naAaeT 6onee 

BblCOKOM MyBCTBMTenbHOCTbK) M CnOCOOHOCTbfO 
(^MKcai^MM HeKOTOpOM 3apaHee Bbl6paHHOM 
TeMnepaTypw pesKMM M3MeHeHMeM cbomx 
napaMeTpoB, hto AaeT BO3M0)KH0CTb nonyMMTb 

MH<t30pMaU,MK> O AOCTM)KeHMM KOHl^eHTpai^MeM 

rnK3K03bi b KpoBM onpeAeneHHOTo 3apaHee 
BbicTaBnneMoro noporoBoro ypoBHn, 3a 
npeAenaMM kotodoto HacTynaeT yrpo3a . 
3AopoBbio AaHHoro nau^eHTa IlpMMeHeHMe 
Z-TepMMCTopa ooecneMMBaeT Taiwe 
B03M0>KHocTb HenocpeflCTBeHHoro 
npeo6pa30BaHM« M3MeHeHMH TeMnepaTypw b 
M3MeH6HMR HaCTOTbl m aMnnMTyAu BbixoAHoro 
Hanpn>KeHMfl (B.fl. 3otob. Z-TepMMcropbi, CHIP 
News. T. 1(34), c. 37, 1999). 3to 
cymecTBeHHo ynpou^aeT snejcrpoHHyio cxeMy m 

n03BOnf»eT 3HaMMTenbHO CHM3MTb CTOMMOCTb 

HOCMMoro nai^MemoM ycTponcTBa. B HanSonee 

npOCTOM M A^UJeBOM BapMaHTe B03MO)KHa 

BbiAana MHcjxjpMauMM o AOCTM>KeHMM pa3nMMHbix 
ypoBHeM KOHL\eHTpai4MM rniOK03bi c noMOU4bto 
3ByK08bix CMmanoB pasnMMHoft MacTOTbi. 
HanpMMep, npM AOCTM>KeHMM KOHueHTpau>ieft 
rnK)K03bi kdobm BepxHero AonycTMMoro npeAena 

ee 3H3MeHMM BblAaeTCfl BblCOKOMaCTOTHblM 

3ByKOBoft CMman, a npM AOCTM>KeHMM HM>KHero 
npeAena - HM3KosacfoTHbiM 3By«oBOM curnan. 
3to cymecTBeHHo ynpou^aeT KOHCTpyKU^iK) 
ycTpoMCTBa m AaeT B03Mo>KHocTb naLiMeHTy 
nonyMaTb TeKymyio ynpoKAaiomyio MHcJxjpMauiiio 

O AOCTMJKeHMM KOHU,eHTpaU,MeM mK)K03bl KpOBM 
TOrO MnM MHOrO 4)MKCMDOBaHHOrO ypOBHfl c 

t^enbio npMHHTMH Mep nnn ero M3MeHeHMn. 

n pM MeHeH m e b ycTpoMCTBe Z-TepMMCTopa 
nosBonneT c noMombio npocTe^uje^ cxeMbi 
peajiM30BaTb ero pa6oTy b 

MacroTHO-aMnnMTyAHOM pejKMMe, to ecTb c 
M3MeHeHMeM TeMnepaTypbi m TennoBoro noTOKa 
nponopi4MOHa/ibHO M3MeHflK)TCH MacTOTa m 
aMnnMTyAa aneKTpMMecKMx MMnynbcoB. 
MyBCTBMTenbHocTb flaTHUKa npM stom 
cyu^ecTBeHHO Bbiuje no cpaBHeHMK) c AaTMMKOM, 
Mcnonbsyjou^MM NTC-TepMMCTop. Pa6oTa b 
aMnjiMTyAHO-nacTOTHOM peymwie no3BonneT 
Mcnonb30BaTb ycwnnTenb nepeMeHHoro toio, mto 
AaeT B03Mo>KHocTb AOCTMrHyTb nvMUjero 
cooTHoujeHMR CMman/ujyM m noBbicMTb 
cTa6MnbHocTb paooTW ycrrpoMCTBa, a Taioce 
ynpomaeT MHTep4>eMc nepeAaMM AaHHbW b 
KOMnbioTepHbiM MOAynb ycrpoMCTBa. 

npM npOBeAeHMM COBpeMeHHOM MHTeKCMBHOM 

MHcynMHOTepanMM obnbHoro caxapHbiM 
AMa6eTOM npMMeHeHMe npeAnaraeMoro cnocooa 
m ynoMHHVToro ycrpoMCTBa b coneTaHMM c 
M3nO>KeHHOM M6TOAMKOM nepcoHanbHOM 
KaJlM6pOBKM, ee OLjeHKM M KOppeKTMpOBKM 

no3BonMT ocymecTBn«Tb HenpepbtBHoe 
cne)KeHMe 3a cocTORHMeM rnioK03Horo o6M6Ha b 
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oprawi3Me 6ojibHoro caxapHbiM Ana6eTOM, c 
ynpejKAemieM no BpeMeHu cnrHa/iM3npoBaTb 06 

OnaCHblX 0TKn0H6HM«X ero OT HOpMbl, COKpaTMTb 

KOjiMMecTBo 3a6opoB KpoBM pnn aHanM3a M 
pacxofl floporocTOfli^Hx Tecr-nonocoK k 
rnwKOMeTpaM oonee mbm b 10 pa3 no cpaBHeHwo 
c ncnonb30BaHneM Ann Ljeneft" mhtshcmbho^ 
MHcynuHOTepanuM o6biMHbix MHBa3MBHbtx 
rnioKOMeTpoB, KorAa naijMeHT ao/vkbh 
e>KeAHeBHo npoBQAMTb 5-7 3a6opoB kdobm M3 
nanbi^a c Mcnonb30BaHneM TecT-nonocox. 

Hcnonb30BaHne peanw3yiomero 3aflBneHHUH* 
cnocoo" ycTpoiicTBa no3BonwT ocymecTBMTb 

HenpepblBHblM HeMHBa3MBHblM MOHMTOpMHr 

cocTOAHnq rnK)K03Horo o6wieHa 6onbHoro 
caxapHbiM Ana6eTOM, ynpe)KAaioLi4yK> 
cumanMsaiiMK) 06 onacHwx coctoahmax 3Toro 
o6MeHa npw npocrroTe KOHCTpyKi^MM ycTpoMCTBa, 

HM3KOM* CTOMMOCTM erO npOM3BOACTBa H 

3KcnnyaTaqnn, hocmmom nai^neHTOM McnonHeHMM 

M BblCOKMX TeXHMK0-3KCnnyaTai4M0HHbIX 

CBoCiCTBax TaKoro ycTpoficTBa. 

cPopMyjia M3o6peTeHM5i: 

1. Cnoco6 HeMHBa3MBHoro onpeAeneHMa 

KOHljeHTpaLJMM m»OK03bl B KDOBM , BKnJOMatOLAMpi 

ncnonbsoBaHne M3MepnTenbHoro ycTpoficTBa, 
OT/iMMafbiUMMCH TeM, mo npoBOA«T' 
HenpepbiBHbifi MOHMTopMHr KOMjeHTpaijMM 
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rnK5K03b* b kdobm nyTeM M3MepeHMfl b o6nacTM 
noBepXHOCTHbix BeH ronoBbi TewinepaTypbi Tena 

M KOHAyKTMBHbOC TenHOBblX nOTOKOB C nOMOU4bK> 

AaTMMKOB M3MepMTenbHoro ycTpoMCTBa, a 
KOHi^e HTpa 14M k) m>OK03bi (Xg*) onpeAen*K)T no 
4>opMyne Xg= X^X 2 \ me X^= W Tn (s)X T \ 
X2*= KnW^fsJXn*. r fl e X T * - 6e 3 pa3MepHoe 
oTKnoHeHMe TewnepaTypw ot ycraHOBMBwerocH 
3HaMeHMfl, X n * - 6e3pa3MepHoe otkxiohohmo 
TennoBoro noToxa ot ycTaHOBMBwerocn 
3HaHeHMH, WTn(s)= 1/(TTns+1) - nepeAaTOMHaa 
cfryHKijMa KOHi4eHTpai4MM rnK>K03bi b kdobm no 
TeMnepaiype m TennosoMy noToxy, T Tn - 
3KcnepMMeHTanbHo onpeAenneMan nocToaHHa* 
BpewieHM nepexoAHoro npoi4ecca, Kn - 
3KcnepMM6HTanbH0 onpeAenneMwR 
6e3pa3MepHbifi K03<J)4>K4MeHT, s= d/dt - 
onepaTop AMcJx^epemjMpoBaHMH. 

2. Cnoco6 no n. 1, omMMaioLqMMcq tom, mo 
b KanecTBe asthmkob TeMnepaTypbi McnonbsyioT 
Z-TepMMCTopbi, KOTopwe C^MKCMpyiOT Ha 
noBepxHocTM ronoBW c noMombio ynpyroro 
sneMeHTa m M3onMpy»OT ot BHeiuHeM cpeAW 
TennoBOM M30jmqMeM\ 

3. Cnoco6 no nn. 1 m 2, oTxiHHaKDu^MMCH TeM, 
mto CMmanMsaitMio 0 KOHqeHTpai^MM mioK03bi 
ocymecTBnflKJT c noMoi^bK) TOHanbHoro cwmana 
m AMcnnen. 
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TaSjiHua 1 



H3MepeHHa« 
TcMnepaiypa, C 


36.650 
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H3MepeHHa« 
TeMnepaTypa, C 


36.747 


36.756 


37.756 


37.750 


37.765 


37.776 


37.826 


PaccHHTaHHbie 

BejIHIHHW 

KoHueHTpaqHH 

r.lK)K03H 

MMonb/ji 


4.2 


4.3 


4.3 


4.3 


4.4 


4.6 


5.2 


H3MepeHHi>ie 

BeJlHHHHM 

KoHueHTpaiiHH 

rj«OK03bl 

MmoWji 


4.4 


4.5 


4.5 


4.7 


4.9 


4.9 


5.2 






H3MepeHHaji 
TeMnepaTypa, C 


36.874 


36.921 


36.918 


36.891 


36.783 


36.705 


36.668 


PaccHHTaHHtie 

BeJIHHHHW 

KoHueHTpaiiHH 

rjIK)K03bl 

Mmojib/ji 


5.8 


6.4 


6.4 


6.0 


4.7 


3.5 


3.1 


M3MepeHHbie 

BejIHMHHBI 

KoHU.eHTpau.HH 

TjlK)K03M 

Mmojib/ji 


5.4 


5.8 


5.7 


5.4 


4.7 


3.5 


3.1 
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T- TeMnepaTypa 

G - KOHiieHTpauHfl rmoK03w b kpobh 

M - MeTa6ojiH3M b kjictohhux o6i>eMax ronoBHoro M03ra 

x — BpeMCHHoe CMemeHHe npn nepexoOTtix npoueccax 

Ut - CHraaji ynpaBJieHHfl TepMoperyjmpoBaHHeM 

U y - CHTHaji ynpaB^eHM rjnoK03m>iM o6mchom 
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medicine. SUBSTANCE: method involves determining blood 
glucose concentration by means of measuring instrument. 
Continuous blood glucose concentration monitoring is carried out by 
measuring heat flows in the area of head superficial veins by means 
of measuring instrument transducer Glucose concentration ((X*g)) 
is calculated from a formula X*g = X*1+X*2, where X*1 = WThf(s) 
X*T, X*2 = KhfWThf(s)X*hf„ where X*T - the dimensionless 
temperature from steady state value, X*hf - the dimensionless heat 
flow deviation from steady state value, WThf(s) = 1/(TThf x S+1) is 
the transition function of blood glucose concentration with respect to 
temperature and heat flow, TThf is the experimentally stated 
transient process time constant Khf is the experimentally stated 
dimensionless coefficient, s = d/dt is the differentiation operator. Z- 
thermistors are used as temperature pickups pressed against head 
surface by means of elastic member and insulated from ambient 
space by means of heat insulation members. Glucose concentration 
information is represented by means of tonal signal and display unit. 
EFFECT: enhanced accuracy of measurements. 3 cl, 2 dwg, 2 tbl 
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